Abstract
Introduction
A wireless sensor network (WSN) consists of a large number of miniaturized sensor nodes which collect data form environment and send them to the base station via radio transmitter [1] . To keep the cost and size of these sensors small, they are equipped with small batteries, which restrict them to have limited power and computational capacity. This puts significant constraints on the power available for communications, and affects the data rate as well as transmission range [2] . However, against such limitations, WSNs can be used in various applications such as military, biomedical, and environmental applications [3] .
Clustering provides an efficient way to save energy inside WSNs and enables efficient resource allocation and it also improves the WSN's scalability.
Generally, clustering in WSNs is defined as the process of dividing the network nodes into groups, where each group agrees on a central node, called the cluster head [4] .
The cluster head or CH acts as a bridge between other sensor nodes and base station and sometimes between one cluster head and other cluster head in multi-hop cases [5] . Cluster heads have responsibility of locality preserving, adding or leaving of nodes, scheduling time slots for each node, data aggregation and management of messages between nodes and base station [4, 6, 7] . Sensors deployed in different regions collaborate to gather data and sends to cluster head which is further transferred to base station or another cluster head after processing LEACH is one of the established clustering based routing protocols in WSN [8] . The selection of cluster head in LEACH is done randomly and the data that transmit between the cluster head and the base station is done directly which tend to exhaust the sensor battery quickly [9, 10] .
Figure 1. Network Clustering
In this paper, we propose a new fuzzy logic-based clustering algorithm which provides a more appropriate cluster head selection method by using the number of live neighboring nodes and remaining energy of network nodes. Our solution is based on the LEACH protocol which provides a probabilistic cluster head selection of random sensor nodes. This scheme improves the cluster head selection process and creates more symmetric clusters which results in fewer energy consumption and increase lifetime of WSN.
The rest of this paper is organized as follows. Section II describes the related fuzzy clustering solutions, section III explains the proposed clustering algorithm with details of this experiment. Section IV describes the parameters and simulation result
Problem Statement
LEACH or Low Energy Adaptive Clustering Hierarchy is proposed by Heinzelman et al. in [8] . In this protocol, time is divided into consecutive rounds and each round is consisting of set-up phase and steady state phase.
Figure 2. Clustering with LEACH
In set-up phase, cluster heads are elected and clusters are formed. In steady state phase, environmental data are sensed and transmitted to the cluster head. After a cluster head receives its members' data, it aggregates them and sends it to the sink. At the start of each set-up phase, each sensor node generates a random number between 0 and 1 to determine it will become a cluster-head or not, then compares this number with the threshold value T(n) which is computed by the following equation:
Where P is the desired percentage of cluster heads, r = current round, and G is the set of nodes that have not been cluster-heads in the last 1/P rounds. If the number chosen by each node is less than the threshold value T(n), the node becomes a CH for that current round [11] .
Although, LEACH is a reliable clustering and routing protocol in WSNs, it applies a probabilistic cluster head selection method which as indicated in Figure 2 , it may cause the following problem:  Because each node independently selects itself as cluster heads, the cluster heads may be positioned near to each other.  Some nodes which have fewer neighboring nodes may be elected as cluster heads and network may not be utilized form advantages of data aggregation.  Random selection of cluster heads does not create symmetric clusters and this may increase the total distance of nodes to cluster heads communications. As the distance of communications is increased more energy should be consumed to transfer the sensed data to cluster heads which this finally reduces the network lifetime.
Related Works
Many clustering schemes Fuzzy logic has been applied in in WSNs. For example, in [12] , a multihop clustering scheme is proposed which is called fuzzy clustering algorithm (FCA) which is aimed to prolong the lifetime of WSNs. The FCA adjusts the cluster-head radius considering the residual energy and the distance to the base station parameters of the sensor nodes. This helps decreasing the intra-cluster work of the sensor nodes which are closer to the base station or have lower battery level. They utilize fuzzy logic for handling the uncertainties in cluster-head radius estimation.
In [13] Kumar et al. propose an energy efficient hierarchical clustering scheme which uses the fuzzy logic method for cluster formation and cluster head selection. To determine the cluster head selection, three input functions convert the inputs into fuzzy sets, such as distance, node density and battery level. Also, this scheme applies 27 rules for the fuzzy inference. In [14] a fuzzy logic based energy-aware dynamic clustering technique is presented by Alim et al. to increase the network lifetime in terms of LND. In this scheme, residual energy and node centrality are given to the fuzzy inference system and a node is selected as a cluster head according to the fuzzy cost (output). Also, in this scheme, the optimum number of clusters is formed in every round, which is almost impossible in LEACH (low-energy adaptive clustering hierarchy). Moreover, this protocol has less computational load and complexity.
In [15] Barolli et al. propose a power reduction algorithm for sensor networks based on fuzzy logic and node movement. This scheme uses four input linguistic parameters which are remaining power of sensor, degree of number of neighbor nodes, distance from cluster centroid and sensor speed for cluster-head decision.
An improved version of HEED protocol is presented in [16] by Neamatollahi et al which uses fuzzy logic and a non-probabilistic approach for CH election. Moreover, it uses the node's remaining energy and two fuzzy descriptors to elect CHs. The fuzzy variables are the number of neighbors a node and node centrality which node centrality is calculated as the average of the squared distances of neighbor nodes from a particular node. Since, typically transmission energy is proportional to the squared distance, the lower value of the node centrality results in a lower amount of energy required by other nodes to send data to that node as a CH. In this solution, the output of fuzzy logic is the fuzzy cost and by an increase of node degree and decrease of node centrality, the cost of a node being elected as a CH is decreases which mean that the node has a higher priority of being elected a CH.
In [9] Wang et al. propose a fuzzy-based algorithm for controlling sensor speed in WSNs. They use 4 input linguistic parameters for evaluating cluster-head decision probability which is used as a fuzzy input to control sensor speed. By considering the moving speed of the sensor they are able to predict whether the node will leave or stay in the cluster. This scheme applies the following  Distance from Cluster Centroid (DCC);
 Degree of Number of Neighbor Nodes (D3N);  Remaining Battery Power of Sensor (RPS);  Sensor Speed (SS).
The authors in [17] introduce the idea of fuzzy logic according to the nodes' residual energy, communication range, computing power, neighbor nodes, etc. Using fuzzy comprehensive evaluation method in virtual cluster head selection and the formation of the wireless network hierarchy overcome the randomness of cluster head election in LEACH protocol and uneven distribution of node energy; at the same time, generating the cluster node consequence through network initialization reduces the energy consumption when network constantly selects the cluster head and prolongs the life cycle of wireless sensor network.
Proposed Solution
This section presents our proposed fuzzy-logic based clustering scheme. In this scheme, we modify the probabilistic cluster head selection process and present a nonprobabilistic approach which creates more symmetric clusters. As indicated in Figure 5 , we assume a simple model for the radio hardware energy dissipation where the transmitter dissipates energy to run the radio electronics and the power amplifier, and the receiver dissipates energy to run the radio electronics.
Figure 3. Radio Model
Thus, to transmit a k-bit message a distance d using our radio model, the radio expends:
In these equations d 0 can be computed as follows:
Also, to receive this message, the radio expends:
As indicated in Figure 4 , a fuzzy system basically consists of fuzzification, inference engine, and defuzzification parts. The fuzzifier maps each crisp input value to the corresponding fuzzy sets and assigns it a truth value or degree of membership for each fuzzy set. The fuzzified values are processed by the inference engine, which consists of a rule base and various methods for inferring the rules. The rule base is simply a series of IF-THEN rules that relate the input fuzzy variables with the output fuzzy variables using linguistic variables, each of which is described by a fuzzy set, and fuzzy implication operators AND, OR, etc.
Figure 4. FIS Structure
The fuzzy system used in the inference engine of this scheme is the Mamdani fuzzy system which is a simple rule-base method that does not require complicated calculations and can employ the rules to control systems. The defuzzifier performs defuzzification on the fuzzy solution space and finds a single crisp output value from the solution fuzzy space. The fuzzy system inputs are crisp numbers that are converted to the fuzzy values by membership functions. The nodes simply determine these input values. The nodes are aware of Neighboring nodes and their distance, as soon as one sending and receiving data. 
Simulation results
This section presents the simulation results of our solution and LEACH protocols in MATLAB. In these simulations we considered 100 nodes in a 100*100 meter area. Table  2 represents the simulation results which have been applied in the simulation scenarios. As indicated in Figure 8 , our clustering solution creates more symmetric clusters and this reduces the total distance of intra-cluster communication with clusterhead. Also, clusterheads are positioned far from each other to have less common coverage area.
Figure 8. Clustering with Proposed Solution
In our simulations, we have considered three scenarios in which the sink node is positioned in the different locations and two kind of initial energy is used. In the first scenario, the sink node is located at (100,100) location. Also, in this scenario, we have applied 0.2J initial energy in every sensor node. Figure 9 represents the number of dead nodes in each execution round of LEACH and in our proposed solution in the first scenario. As indicated in this figure, our solution improves the first dead node and the total number of nodes until each round. This simulation is conducted at 700 rounds.
Figure 9. Number of Dead Nodes in First Scenario
In the second scenario we have applied 0.5J initial energy in the sensor nodes and the sink node is located at (100,100) location. This simulation is performed at 1000 rounds.
Figure 10. Number of Dead Nodes in Second Scenario
In the third scenario, the sink node is located farther at (50,150) location which is outside of the WSN. As indicated in Figure 10 , in this scenario, sensor nodes die sooner, because they clusterheads should transmit their data to a sink node which is located in farther distance. Also, 0.5J initial energy is applied for each sensor node and advanced nodes have double of this value. Moreover, this simulation is conducted at 1000 rounds. 
Conclusion
Energy is one of the important issues which should be considered in the WSN. Clustering is a critical network management operation that can be used to reduce the energy consumption of network and improves the lifetime of WSN. In this paper, we presented a fuzzy clustering method which changed the probabilistic clusterhead selection in the LEACH protocol. The fuzzy system used in the inference engine of this scheme is the Mamdani fuzzy system which is a simple rule-base method. This scheme creates symmetric clusters and reduces the total node to clusterhead distance. This finally, reduces the energy consumption of sensors and improves the lifetime of WSN better than LEACH protocol.
